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Background: Multidrug resistant Enterobacteriaceae which was confined to the hospital 
environments is now emerging in the domestic food related environments as well. The 
main objective of the present study was to investigate the prevalence of antibiotic re-
sistant Enterobacteriaceae in the domestic food related environments.  
Methods: Resistance to ampicillin, chloramphenicol, ciprofloxacin, gentamicin, tetracy-
cline, nalidixic acid, nitrofurantoin, and trimethoprim was evaluated in 125 isolates; col-
lected in domestic food related environments using agar micro dilution method. 
Results: Results indicated that 49.6% of the isolates were resistant to at least one antibi-
otic (32.8% to ampicillin, 6.4% to nitrofurantoin, 4% to tetracycline, 3.2% to nalidixic 
acid, 2.4% to chloramphenicol and 1.7% to trimethoprim). Resistance to multiple antibi-
otics was observed in 6.4% of the isolates. 
Conclusion: This study implicates existence of antibiotic resistant Enterobactericeae in 
the domestic food related environments. This resistance phenomenon requires continual 
vigilance; and further studies are required to evaluate the role of domestic surfaces in the 






In the past decade, multidrug-resistant Enterobacteriac-
eae (MDE) has become an important challenge to disease 
control (Wellington et al., 2013). Gram-negative Entero-
bacteriaceae may cause severe infections and unfortu-
nately several of the most important members of this 
family are becoming progressively more resistant to cur-
rently available antimicrobials (Denton, 2007; Fritsche et 
al., 2005; Paterson, 2006). Considering their wide spread 
and few options for treatment, MDE have public health 
importance (Khan et al., 2012). Resistance related to 
production of extended-spectrum β-lactamases (ESBLs) 
is a major concern about Enterobacteriaceae, but other 
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ways of resistance are also existed, leading to multidrug 
resistance and creating pan-resistant bacteria strains (Pat-
erson, 2006). ESBL-producing Enterobacteriaceae are 
usually found in the hospital setting, but it has been re-
cently shown that they are prevalent in the community, 
too. The most significant reservoir of MDE is the intes-
tine of human and domestic animals, especially in those 
who are frequently receiving antibiotics. The contamina-
tion of water, food, and the environment with MDE is an 
important route for its spread, whether from man or ani-
mals, and is therefore a crucial area for control (Pitout et 
al., 2005). 
According to available data, numerous (infectious) dis-
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and Kusumaningrum, 2003). In North America and Eu-
rope, more than 50% of the recorded food infections 
seem to be originated in the home (Azevedo et al., 2014; 
Beumer and Kusumaningrum, 2003).  
   Resistant microorganisms often emerge when the envi-
ronment changes; thus, it is possible to emerge new re-
sistant pathogens. The need for improved hygiene to re-
duce the spread of antibiotic resistance is a major rec-
ommendation of working parties across Europe (Bloom-
efield and Scott, 2013), not only in hospital but also in 
the community (Shannon and French, 2004). However, 
there is little information available until now about enter-
ic microorganisms isolated from domestic food related 
settings.  
   Consequently, a main goal of the present study was to 
investigate the prevalence of antimicrobial susceptibility 
in Enterobacteriaceae isolates in 125 samples collected 
from the domestic food related environment. The poten-
tial repercussions of these results in terms of microbio-
logical safety, especially concerning the development and 
spread of antimicrobial resistance in the food chain, will 
be discussed. 
Materials and methods 
Origin of Enterobacteriacea bacterial isolates 
   One hundred and twenty-five isolates of Enterobac-
teriaceae obtained from our previous study (Azevedo et 
al., 2014), stored at -20 ºC in Tryptone Soya Agar (TSA) 
with 30% (v/v) glycerol. They had been isolated from 
several points in 15 houses (from Oporto, Portugal), in-
cluding knobs of doors, refrigerators and dishwashers, 
stove buttons, food preparation surfaces, taps and kitchen 
towels, as well as from domestic animals’ feet that usual-
ly have access to the kitchen area, and WC knobs and 
taps.  
   Then, the isolates were cultured in Tryptone Soya 
Broth (TSB), for regeneration, and the purity of each 
culture was confirmed by streaking on plates of the re-
spective medium.  
   Purified isolates were screened for Gram-negative, 
glucose positive, oxidase-negative and catalase-positive 
rea-ctions (Steel, 1961). 
Antibiotic susceptibility testing 
   The minimum inhibitory concentrations (MIC; µg/ml) 
for each isolate were determined by the agar 
microdilution method, according to the Clinical and  
       




Laboratory Standards Institute (CLSI, 2007). Antibiotics 
were chosen on the basis of their diverse representation 
of different classes of antimicrobial agents. Each test was 
carried out on Muller-Hinton Agar (MHA) with cations 
adjusted for ampicillin (AMP) and on MHA for the seven 
other tested antibiotics including ciprofloxacin (CIP), 
chloramphenicol (CHL), gentamicin (GEN), nalidixic 
acid (NAL), nitrofurantoin (NIT), tetracycline (TET) and 
trimethoprim (TMP). With the exception of TMP ranging 
from 0.0156 to 128 µg/ml, all the other antibiotic concen-
trations ranged from 0.0156 to 512 µg/ml. After over-
night cultures on TSA plates, the inocula were obtained 
by suspension in sterile Ringer’s solution to achieve tur-
bidity equivalent to 0.5 McFarland standards. Approxi-
mately 1 µl was positioned on each plate containing anti-
biotic with an automatic plating system (Mast Group, 
Ltd.).  
   All isolates were cultured on plates of MHA and MHA 
media with cations adjusted with no antibiotic as nega-
tive controls. The quality control strains Enterococcus 
faecalis ATCC 29212 and Escherichia coli ATCC 25922 
were used to monitor the accuracy of MICs (CLSI, 
2007).  
   Then, the plates were incubated overnight at 37 ºC. 
Susceptibility classification of isolates (as sensitive, in-
termediate or resistant) was carried out according to 
CLSI (2007).  
   To measure the susceptibility of each antibiotic, at least 
duplicate experiments were done. Bacterial isolates that 
revealed resistance to two or more antimicrobial agents 




   As shown in Table 1, 49.6% of the isolates were re-
sistant to at least one antibiotic, 32.8% to AMP. A low 
level of resistance to NIT (6.4%), TET (4.0%), NAL 
(3.2%), CHL (2.4%) and TMP (1.7%) was observed.  
   As it has been shown in Table 2, eight (6.4%) Entero-
bacteriaceae isolates were found to be resistant to more 
than one antibiotic, and four isolates were also resistant 
to more than three antibiotics. The Enterobacteriaceae 
isolates obtained from the kitchen cloth and dishwasher 
handle presented resistance to AMP, CHL, NAL and 
TET and the two cutting board isolates also showed re-
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Penicillins AMP 8 16 32  68 (54.4) 16 (12.8) 41 (32.8) 
Phenicols CHL 8 16 32  117 (93.6) 5 (4.0) 3 (2.4) 
Fluoroquinolones CIP 1 2 4  125 (100) * * 
Aminoglycosides GEN 4 8 16  125 (100) * * 
Tetracyclines TET 4 8 16  114 (91.2) 6 (4.8) 5 (4.0) 
Quinolones NAL 16 --- 32  121 (96.8) * 4 (3.2) 
Folate pathway 
inhibitor 
TMP 8 --- 16 
 
124 (99.2) * 1 (1.7) 
Nitrofurantoins NIT 32 64 128  86 (68.8) 31 (24.8) 8 (6.4) 
*Blank spaces indicate that no MIC value was determined for that concentration 
 
Table 2: Number of multi-resistant isolates and place of isolation 
Antibiotics Kitchen counter Stove buttons Dishwasher handle Kitchen cloth Cutting board 
AMP, TET, NIT     1 
AMP, CHL, TET, NIT     1 
AMP, NIT 2   1  
AMP, CHL, NAL, TET   1 1  
AMP, TET  1    
 
Discussion 
   Enterobacteriaceae isolates were collected from differ-
ent places of 10 houses and they were distributed all 
around the house with high isolation rates (Azevedo et 
al., 2014). As mentioned, 49.6% of the isolates were 
found to be resistant to at least one antibiotic. Little data 
has been reported about antibiotic resistance in Enteroba-
cteriaceae isolates found in the domestic settings (Wel-
lington et al., 2013). Enteric bacteria which originated 
from man and animal reservoirs can contaminate the 
domestic environments through cross-contamination. In 
animals as in humans, misuse of antibiotics may not only 
cause an increase of resistance in pathogenic bacteria, but 
also in the endogenous flora of these animals. Resistant 
bacteria from these animals may be transferred to the 
human population not only by direct contact but also 
through food products of animal origin. These resistant 
bacteria may then either colonize humans and/or transfer 
their resistance genes to other bacteria in the human in-
testinal flora (Van den Bogaard et al., 2000). 
   As observed, AMP was the antibiotic that showed more 
resistant Enterobacteriaceae isolates (32.8%), which is 
not surprising, since semi-synthetic penicillins (e.g., 
AMP and carbenicillin) were introduced in 1960s, gener-
ally now being ineffective against some bacteria, that 
were acquiring resistance, especially Enterobacteriaceae 




   A low level of resistance was found for NIT (6.4%), 
TET (4.0%), NAL (3.2%), CHL (2.4%) and TMP (1.7%). 
For more than 50 years NIT has been an option for the 
management of urinary tract infection, but its use de-
clined with the introduction of alternative antimicrobials, 
like TMP (Hooton and Stamm, 1997). Isolates of the 
Enterobacteriaceae family from chicken, pork, fish and 
even water have shown worldwide TMP resistance 
(Schwaiger et al., 2012; Su et al., 2011; Tao et al., 2010). 
Some antibiotics such as TMP has been the core therapy 
for urinary tract infection for the past many years with a 
90% success rate as the first-line agent indicated for the 
treatment of acute urinary tract infection and pyelone-
phritis (Hooton et al., 1995; Paterson, 2006). As already 
stated, there is few information about presence of MDE 
in the domestic settings, but we can compare with some 
other antibiotic resistance studies where Enterobac-
teriaceae were isolated from food products: isolates from 
milk products presented no resistance to NAL but some 
resistance was detected for TET (14.28%) and CHL 
(9.52%); among samples of cheese, 24% of Enterobac-
teriaceae isolates were resistant to TET but no resistance 
was found for CHL and NAL; and some dairy products 
showed high rates of resistance to TET (52.38%), but 
also no resistance was found to CHL and NAL (Hleba et 
al., 2011). 
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   In our study, all the examined isolates were sensitive to 
GEN and CIP. This finding is similar to the some previ-
ous investigations in other regions carried out in non-
domestic environment (Fluckey et al., 2007; Knezevic 
and Petrovic, 2008; Miranda et al., 2008). Even though 
resistance to fluoroquinolones (CIP) was not observed in 
this present study, over the past decade the emergence of 
high-level, fluoroquinolone resistance among E. coli and 
other species of Enterobacteriaceae has been recorded 
(Paterson, 2006).  
   Resistance to more than one antibiotic was verified for 
eight (6.4%) Enterobacteriaceae isolates, with four iso-
lates resistant to more than three antibiotics. It should be 
noted that only those MDE isolated from the kitchen 
revealed resistance to more than one antibiotic. The iso-
lates of kitchen cloth and dishwasher handle showed 
resistance to CHL, AMP, TET and NAL and the two 
isolates of cutting board also revealed resistance to three 
and four antibiotics, respectively (Table 2). This matter 
could be also justified by the contact with more raw 
foods, including raw meat, since as known, in animal 
food production, antibiotics used for disease treatment, 
disease prevention (prophylaxis) and growth promotion. 
Several investigators indicated that the occurrence of 
antibiotic-resistant bacteria in food of animal origin is 
high in developing countries, may be due to the inappro-
priate antibiotic therapy in animal farming (Van et al., 
2012). 
Conclusion 
   This study illustrates that Enterobacteriaceae showed 
low resistance profiles to frequently used antimicrobial 
agents (exception to AMP), but some of them, showed 
multi-resistance profiles. Therefore, antibiotic resistance 
including multi-resistance is not restricted to hospital 
environments, since such strains can also be found in the 
domestic food related environment. It is necessary to find 
procedures to control the spread of resistance by patho-
gens in the Enterobacteriacea in order to avoid this re-
sistance phenomenon. The upsurge in multidrug-resistant 
strains of Enterobacteriaceae during the past decade is 
threatening the successful treatment of infections caused 
by these bacteria. 
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